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Abstract  Objective: To evaluate the effect of quadriceps muscle strengthening exercise on quadriceps and hamstring strength ratio in knee osteoarthritis (OA).  Methods: This was a quantitative study with quasi-experimental design. The subjects in the study were 16 female patients with knee OA grade 2 and 3. Quadriceps muscle strengthening exercise was given to the subjects 3 times a week during 8 weeks. The study was conducted at the Department of Physical Medicine and Rehabilitation of the Faculty of Medicine, Universitas Padjadjaran-Dr. Hasan Sadikin General Hospital in August–September 2015.  Results: It was revealed that the quadriceps muscles improved significantly. 
However, the hamstring muscles did not show significant improvement based on the comparison between before and after performing the exercise. The average right quadriceps muscle strength before exercise was 12.46 and after exercise was 18. The average left quadriceps muscle strength before and after exercise were 11.59 and 17.7, respectively. The average right hamstring muscle strength before and after exercise were 7.29 and 7.94, respectively.  Conclusions: There are quadriceps muscle strength improvements after 
practicing quadriceps muscle strengthening exercise. However, no significant hamstring muscle strength improvement is seen after practicing quadriceps muscle strengthening exercise. An improvement in quadriceps and hamstring muscle ratio is observed. 
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IntroductionKnee osteoarthritis (OA) is a joint disease that is commonly found in elderly. Knee OA affects >40% Europeans and Americans, leading to disabilities.1 Osteoarthritis is a disease that is characterized by a joint cartilage degradation followed by the degradation in the subchondral bone and synovial joint capsule.2  Some of the OA factors are associated with the presence of 
mechanical loading and degenerative process. The clincal simptoms that are frequently found in OA patients include joint stiffness, joint range of motion (ROM) reduction, quadriceps muscle weakness, and proprioception internal changes.3     Knee as the largest joints providing support for the body weight is frequently affected by 
OA. Knee OA patients find difficulties to do daily activities, especially those requiring mobilization as well as transference processes. Muscle strengths plays a role in the OA knee pathogenesis. Previous studies reported the correlation between muscle imbalance and muscle weakness in knee joints with several symptoms, e.g. decreases in functional ability, 
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the presence of pains, and fall risks.2–5Quadriceps and hamstrings are two largest muscles in the frontal plane. Co-contraction from the quadriceps and hamstring muscles can increase joint compressive forces, leading to knee joint stabilization. Dynamic stability in the frontal plane occurs due to quadriceps and hamstring abduction/aduction moment arm. Correlation between quadriceps and hamstring muscle strengths have been investigated in several studies. A study by Adogoke et al.6 described a lower quadriceps and hamstring muscle strength ratio in OA patients when compared to the healthy young population. Another study described a correlation between quadriceps and hamstring muscle strength ratio and symptomatic knee OA after practicing typical quadriceps and hamstring muscle strengthening exercises.2 In such, quadriceps muscle weakness was stated as a primary cause to quadriceps and hamstring value changes in OA knee patients.6   Several existing studies have reported that 
the  hamstring muscles considerably influence the quadriceps and hamstring muscle strength rasio. Strengthening exercise is applied to knee 
OA patients based on findings that quadriceps muscle weakness is regarded as a major factor in the deviation of quadriceps and hamstring ratio value.3–5The muscle strengthening exercise that is recommended to knee OA patients includes quadriceps muscle strengthening exercise with no weight bearing. This exercise program can be performed because it can distinctively 
strengthen the specific muscles and is appropriate for patients who experience pain when practicing weight bearing exercise.7 Therefore, this study aimed to analyze the effect of quadriceps muscle strengthening exercise to the quadriceps and hamstring muscle strength ratio.
MethodsPopulation in this study comprised of the knee OA patients who visited Physical Medicine and Rehabilitation clinic, Dr. Hasan Sadikin General Hospital, Bandung. The study was conducted in the period of August–September 2015. The subjects were members of the population who met the inclusion criteria and did not meet the exclusion criteria and were willing to participate in the study by signing the informed consent. 
The number of  subjects was defined using consequtive sampling approach; thus, the 
knee OA patients who met the criteria were included in the study for a certain period until the total required samples were obtained. The total required sample size was calculated based on a previous study with 16 subjects as the minimal numbers. This study used the pre-post designs with 1 group consisted of 16 subjects. The subjects were then given information related to the examination and intervention procedures. Participants who did not attend the exercise three times in a row are considered dropped out.     Inclusion criteria in this study were females aged 40–70 years, diagnosed with OA knee grade 2 and 3 in sub acute and chronic phases based on American College of Rheumatologi (ACR) and Kellgren Lawrence criteria, neutral alignment of knee joint, and able to walk with or without any gait aid. The exclusion criteria in the study were valgus-varus or recurvatum deformities, knee instabilities due to ligamentous laxity in cruciate ligament or collateral and meniscus injuries, stroke or certain neural system disorders, knee injury (fracture, ligament rupture or meniscus) or knee surgery, suffering from degenerative or metabolic diseases (arteriosclerosis, diabetes 
mellitus) or other inflammatory disorders, performing high intensity exercise (tennis, badminton) or attending other strengthening exercises in the last 6 months, and a numeric rating scale (NRS) >6.            The research method used in the study was quantitative with quasi-experimental design while the study design was experimental with one group pretest-posttest design. Data were calculated to analyze the effect of the treatment by using paired t test for normally distributed data or Wilcoxon matched pairs test for non-normally distributed data. The study analyzed the correlation between dependent and independent variables. The independent variable was quadriceps muscle strengthening exercise while the dependent variables were quadriceps muscle strength, hamstring muscle strength, and quadriceps and hamstring muscle strength ratio. The confounding variables were body mass index (BMI) and age. The subjects involved in the study were knee OA grade 2–3 patients given quadriceps muscle strengthening exercise. Comparative examination between the quadriceps and hamstring muscles were performed before and after the intervention. Subjects were asked to do quadriceps strengthening exercise for 8 weeks, 3 times a week. The exercise was conducted at the Department of Physical 
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Medicine and Rehabilitation of the Faculty of Medicine, Universitas Padjadjaran-Dr. Hasan Sadikin General Hospital. The quadriceps and hamstring muscle strength examinations were performed before and after the study to investigate the muscle comparison after the exercise. This study used several devices for clinical examinations, such as height and weight measuring instruments, blood pressure monitor device, push-pull dynamometer, and quadriceps exercise bench.     Quadriceps strengthening muscle exercise is regarded as the most suitable excercise for OA patients. The exercise can be done dynamically and isotonically due to the fact that quadriceps muscles contract concentrically while the hamstring muscles will contract eccentrically as quadriceps muscle co-contractor. As such, quadriceps muscle strengthening exercise can improve hamstring muscles (Fig. 1).6Quadriceps muscle strengthening exercise is a resistance exercise with external torque resulted by gravitation through the body. When the knee extension tibia on femoral, lower extremities external moment arm increase 
from 90° to 0° when knee flexion. In contrary, when knee extension femoral on tibia, external moment arm upper body weight decreased 
90° to 0° when knee flexion (Fig. 2).2,6     The protocol applied for quadriceps muscle measurement was as follow: (a) the examiner held a dynameter with two hands, (b) the dynamometer was placed on the distal end of the tibia, (c) a  muscle strength measurement were performed three time to obtain the average value as the measurement result.The subjects in the study should performed the exercise protocols i.e. (1) doing warming-up and stretching exercise in 10 minutes before starting the quadriceps muscle strengthening exercise, (2) sitting on quadriceps exercise bench with stabilization, (3) given an exercise load based on 1 repetition maximum (RM) measurement performed every week at 60% intensity of 1 RM, (4) performing 90° knee extension against the load during the full knee extension in 2 seconds and going back to the 
starting position with flexible movement, (5) doing 3 set of 10 repetition exercise, (6) performing cooling down and streching in 
RQBE RQAE LQBE LQAE RHBE RHAE LHBE LHAE
Age -0.31 -0.56 -0.19 -0.44 -0.24 -0.29 -0.16 -0.176p=0.23 p=0.06 p=0.47 p=0.09 p=0.38 p=0.26 p=0.56 p=0.09BMI 0.15 -0.18 0.33 0.05 -0.21 -0.18 -0.08 -0.18p= 0.58 p=0.49 p=0.2 p=0.84 p=0.44 p=0.5 p=0.77 p=0.51Note: BMI= body mass index; LHAE= left hamstring after exercise; LHBE= left hamstring before exercise; LQAE= left quadriceps after exercise; LQBE= left quadriceps before exercise; RHAE= right hamstring after exercise; RHBE= right hamstring before exercise; RQBE= right quadriceps before exercise; RQAE= right quadriceps after exercise
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Table 2 Correlation between Confounding Variable and Quadriceps and Hamstring Muscle 
Strengths
Table 1 Subject Basic Characteristics
Characteristics Mean/Median Minimun Maximum SDAge 57.875 40 70 10.7633Height 1.525 1.47 1.61 0.04661Weight 62 37 74 7.96633BMI 26.399 16.015 31.203 3.241 Note SD= standard deviation, BMI= body mass index
International Journal of Integrated Health Sciences. 2017;5(2) 67
10 minutes after the exercise. This study was approved by the Ethic Committee, Dr. Hasan Sadikin General Hospital, Bandung, Indonesia.
Results The subjects in this study were 16 knee OA OA grade 2–3 patients aged 40–70 years. The subject basic characteristics show the average age was 57 years old, the average height was 1.525 m, minimum weight was 37 kg, maximum weight was 74 kg (median 62), minimum BMI was 16.015 and maximum BMI was 31.203 (median 26.399) (Table 1).Results shows that there was a correlation between confounding factor and the quadriceps and hamstring muscle strength, which is not 
considered as statistically significant (Table 2). The average right quadriceps muscle strength before exercise was 12.46  and it became 18 after the exercise (Table 3).The average pre-exercise left quadriceps muscle strength was 11.59 while the post-exercise value was 17.7. The average right hamstring muscle strength before exercise was 7.29 while after practicing exercise was 7.94. The data distribution of left hamstring muscle strength before exercise was 7.5 while after practicing exercise did not show normal distributed  data with a median of 7.5. The results revealed that minimum value was 5.83 and maximum value was 13.16 which did not 
show normal distributed data with median was 12.5. Therefore, the  minimum value was 6 and maximum value was 22.5.The statistical analyses applied were paired t test to analyze normal distributed data  and paired Wilcoxon to analyze the non-normally distributed data. The results showed that the right and left quadriceps muscle strengths 
improved significantly with a confidence interval (CI) of 95% (p=0.001). However, no 
significant improvement was found in left hamstring muscle strength.The right quadriceps and hamstring muscle strength ratio was 1.73 before exercise and became 2.3 after the exercise (Table 4). Left quadriceps and hamstring muscle strength ratio before exercise was 1.61 and 2.26 after the exercise. Based on the paired t test statistical 
analysis, a significant improvement was found in quadriceps and hamstring muscle strength ratio of right and left feet.The results show improved quadriceps and hamstring muscle strength ratio after exercise in knee OA patients. The improvement was 
statistically significant. 
DiscussionMuscle strength of the joint is considered as one of several factors which can worsen the condition of knee OA. Muscle dysfunctions include inadequate quadriceps muscles and 
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 Mean Before Exercise 
Mean After 
Exercise p ValueRight quadriceps muscle strength 12.46 18 0.00Left quadriceps muscle strength 11.59 17.7 0.00Right hamstring muscle strength 7.29 7.94 0.19Left hamstring muscle strength 7.5 7.5 0.11 
Table 4 Comparison between Quadriceps and Hamstring Muscle Strength Ratio
 Mean Before Exercise
Mean After 
Exercise t p ValueRight ratio 17.399 2.3366 -41.992 0.0008Left ratio 1.6195 2.2621 -66.116 0.0000
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Table 3 Comparison between Quadriceps and Hamstring Muscle Strength in Before and 
After Performing Quadriceps Muscle Strengthening Exercise 
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